Introduction
In 2010, there were 372,252 live births to mothers age 10-19 in the U.S. [1] . Giving birth before age 20 is associated with increased risk for a number of pregnancy complications, including infant mortality, stillbirth, congenital anomalies, preterm birth, and low birthweight [2] [3] [4] [5] [6] [7] . Black adolescents and very young adolescents (\15 years old) appear to be at even greater increased risk [8] [9] [10] [11] . Adverse birth outcomes among adolescents appear to be the result of both the high risk psychosocial context in which most adolescent pregnancies occur, as well as biological immaturity and other risk factors [2, 12, 13] .
Although some studies have examined individual and interpersonal risk factors for adverse birth outcomes among adolescents, little is known about contextual contributors to birth outcomes in this group [10, [14] [15] [16] [17] . Neighborhood demographic characteristics (especially socioeconomic disadvantage and racial concentration) have been linked with adolescent behaviors including early sexual initiation, substance use, and delinquency [18] [19] [20] . Neighborhood demographic characteristics could influence birth outcomes through such behavioral pathways, or by shaping access to health services, exposing adolescents to environmental stressors (i.e., crime), or affecting social sanctions against adolescent pregnancy [21] [22] [23] .
Studies among regional and local samples combining adolescent and adult mothers have linked neighborhood disadvantage and Black racial concentration to increased risk of preterm birth and low birthweight, although findings have not been consistent across geographic areas, and sometimes varied by race of the mother [24] [25] [26] [27] [28] [29] [30] . Recent research with a national sample of mothers suggests biobehavioral risk factors for adverse birth outcomes differ between adult and adolescent mothers [17] . Due to adolescents' relatively lesser mobility compared to adults, neighborhoods may be even more influential in adolescents' versus adult women's birth outcomes [31] . The purpose of this study was twofold: (1) to examine how neighborhood disadvantage and racial concentration are related to the birthweight of infants born to adolescent mothers; and (2) if associations are found, to test potential mediators of this relationship, namely smoking during pregnancy, prenatal care use, and perceptions of neighborhood safety. Results can be used to identify pregnant adolescents who may be at increased risk of adverse birth outcomes.
Methods

Data
Data from the National Longitudinal Study of Adolescent Health (Add Health) dataset were utilized [32] . Add Health is a prospective cohort study of a nationally-representative sample of youth enrolled in grades 7-12 in the 1994-1995 school year (Wave I) [33] . Follow-up interviews were conducted in 1996 (Wave II), 2001 (Wave III), and 2007-2008 (Wave IV). At Wave I, a multistage probability clustered sampling design was used. The first stage was a stratified, random sample of all public and private high schools in the US. A feeder school (i.e., a middle or junior high school whose graduates attend the selected high school) was also recruited from each participating community. In-school surveys were attempted with all students attending participating schools; a total of 90,118 were completed. In the second Wave I sampling stage, a sample of adolescents was drawn for in-depth in-home interviews, consisting of a random core sample plus selected special oversamples; a total of 20,745 interviews were conducted at this stage. At Wave II, most students (except Wave I seniors) were eligible for re-interview; at Waves III and IV, all respondents to the Wave I in-home interview were eligible for re-interview. A total of 15,701 interviews were conducted at Wave IV (80.3 % response rate). Sampling weights adjusted for both unequal probabilities of selection into the original sample and for loss to follow-up. The present analysis was deemed exempt by the Institutional Review Board at Tulane University.
We applied a number of sample inclusion criteria (Fig. 1) . First we limited to females who participated in Wave IV, as that was the Wave when all respondents had completed their teenage years and had complete adolescent birth data. Second, we limited to females whose first births occurred during adolescence and after Wave I to ensure the temporal ordering of predictors and outcomes (n = 1,066). Third, we limited to singleton live births with complete information on birthweight (n = 1,030). Fourth, we limited to female participants with valid sampling weights in order to make generalizations to the U.S. population, and to adjust for loss to follow-up (n = 954). Fifth, we limited to non-Hispanic White and Black females (n = 728) because of the small number of adolescent mothers in other racial/ ethnic groups. Finally, we limited to respondents with complete information on all analysis covariates. This left us with an analysis sample of 600 adolescent births.
Measures
Outcomes
At Wave IV girls were asked about previous pregnancies and their outcomes. If they had gotten pregnant, they were asked ''How did this pregnancy end?'' with options of abortion, ectopic/tubal, miscarriage, stillbirth, and live birth. If they indicated they had given birth, they were asked ''How much did the baby weigh at birth?'', and reported birthweight in pounds and ounces. We transformed birthweight into kilograms, and examined birthweight both in its continuous form and dichotomized to low birthweight (\2.5 vs. C2.5 kg) in order to capture a clinically problematic outcome.
Neighborhood Predictors
Two demographic aspects of neighborhood environments which have been linked with birth outcomes in past studies were examined as the main predictors. These were based on adolescents' neighborhoods at the Wave most closely preceding the pregnancy (Wave I or II). First, neighborhood disadvantage was based on Census Block Group characteristics: proportion of households headed by a female, percent of people below poverty level, median household income (reverse coded), proportion of households with public assistance, proportion aged 25? with no high school diploma or equivalency and unemployment rate. We ran a principal components analysis of these variables and applied factor loadings on the first principal component as item weights to generate a summary score. Second, Black racial concentration was measured as the Block Group percentage of residents who were Black. For bivariate and multivariable analyses we divided the percentage by 10, so that effect estimates could be interpreted as change in the outcome per 10 % change in neighborhood percent Black.
Mediators
Three possible mediators of the relationship between neighborhood demographic characteristics and adolescent birthweight were examined. First, cigarette smoking during pregnancy was assessed at Wave IV for each pregnancy reported. Respondents were asked to report on an ordinal scale how many cigarettes they smoked during their pregnancy (none/a few cigarettes but not every week/a few cigarettes a week but not every day/10 or fewer a day/ 11-20 a day/21-30 a day/31 or more a day). We combined responses into three levels (none/less than daily/daily), due to sparseness across smoker frequencies in the sample. Adolescent cigarette smoking is more common in lower SES neighborhoods, but less common in neighborhoods with a high percentage of Black residents [34] . Cigarette smoking is a known risk factor for adverse birth outcomes [35] . Second, the timing of prenatal care initiation was based on two questions asked about each pregnancy reported at Wave IV: ''During this pregnancy with [partner] did you ever visit a doctor, nurse-midwife or other health care provider for prenatal care, that is, for one or more pregnancy check-ups?'' and ''How many weeks pregnant were you at the time of your first prenatal care visit?'' Responses to these two questions were combined and recoded to reflect prenatal care initiation in the first trimester versus no use or late initiation of prenatal care. Late entry into prenatal care has been linked with living in a socioeconomically deprived neighborhood, and also has been linked to adverse birth outcomes [36, 37] . Third, the adolescent's perception of neighborhood safety at the interview most closely preceding the pregnancy was based on the question: ''Do you usually feel safe in your neighborhood?'' Response options were yes or no. Neighborhood crime is more common in socioeconomically deprived neighborhoods, and has been associated with adverse birth outcomes in past studies [22, 38] .
Controls and Modifiers
We drew upon our previous analysis of predictors of birth outcomes in this cohort to determine potential confounders [17] . This analysis indicated effects of race, age at pregnancy, age at Wave I, parental education, and body mass index (BMI). Individual race, parental education, and BMI are also likely to be correlated with neighborhood disadvantage and Black racial concentration, and thus potentially be confounders. Race/ethnicity was self-reported by the adolescent at Wave I, when they were asked two separate questions: ''Which one category best describes your racial background?'' (White/Black or African American/ American Indian or Native American/Asian or Pacific Islander/Other), and ''Are you of Hispanic or Latino origin?'' (yes/no). We limited our sample to adolescents who reported non-Hispanic ethnicity and either Black or White race. Parental education was measured as the higher of either co-residential mother or father: less than high school diploma, high school diploma/General Equivalency Degree (GED), some postsecondary, college degree. BMI was based on self-reported weight and height, and was categorized as underweight, normal weight, overweight, and obese. All control and modifier variables except age at pregnancy were measured at Wave I.
Analyses
All analyses were conducted in SAS (SAS Institute, Cary, North Carolina) using survey procedures, which apply population weights and adjust standard errors for nonindependence between observations due to school-based sampling. Analyses were run stratified on race (non-Hispanic Black/non-Hispanic White), given past analyses indicating racial differences in the predictors of birth outcomes among adolescent mothers [17] , and studies in other samples indicating neighborhood effects on birth outcomes may vary by race [24, 28] . We began with descriptive statistics (means and percentages) for all analysis variables, statistically comparing their distributions in non-Hispanic Black versus non-Hispanic White adolescent mothers using Chi square or t test analyses. We also conducted bivariate analyses [ordinary least squares (OLS) and logistic regression] to test the crude relationships between individual characteristics, neighborhood demographic characteristics and birthweight (continuous and low birthweight). To examine the adjusted relationship between neighborhood demographic characteristics and birthweight after controlling for individual characteristics, we implemented OLS and logistic regression models including neighborhood demographic characteristics and control variables. To test mediation, we added potential mediators (chosen based on significant bivariate relationships) in a subsequent step. Mediation was only assessed for the continuous birthweight outcome, because cell sizes were too small for mediation analyses to be supported with the dichotomized low birthweight outcome. Mediation was assessed based on change in effect estimates for neighborhood demographic features after inclusion of the mediating variable(s) [39] . All models were run on a single level given 311 of the 416 neighborhoods included in the analysis included only one participant. Significance testing was conducted at a \ 0.05.
Results
Descriptive Characteristics
Descriptive characteristics of the study sample by maternal race are presented in Table 1 . Among both non-Hispanic Black and non-Hispanic White adolescent mothers, mean age at Wave I interview was around 15.5 years, while average age at pregnancy was nearly 18 years. Significantly more Black compared to White adolescent mothers were overweight or obese at baseline (27.60 vs. 12.62 %). Approximately 18 % of adolescent mothers' parents had less than a high school education. Black adolescent mothers lived in significantly more disadvantaged and Black concentrated neighborhoods compared to White adolescent mothers. Although Black adolescent mothers were significantly more likely than White adolescent mothers to feel unsafe in their neighborhoods (22.5 vs. 9.3 %), White mothers were significantly more likely to smoke during pregnancy (35.7 vs. 7.5 %). No significant differences between groups were observed in timing of prenatal care initiation.
Non-Hispanic Black adolescent mothers evidenced significantly lower birthweight compared to non-Hispanic White adolescent mothers (3.04 vs. 3.28 kg, Table 1 ).
Birthweight was approximately normally distributed. Almost 9 % of adolescent mothers gave birth to a low birthweight infant (10.74 % among Black adolescent mothers, 7.20 % among White adolescent mothers).
Bivariate Analyses
A number of individual and neighborhood characteristics were associated with continuous birthweight and low birthweight in bivariate analyses (Table 2) . Among Black adolescent mothers, lower parental education was associated with greater continuous birthweight, as was neighborhood disadvantage and percent Black. Black racial concentration was also negatively associated with Black adolescent mothers' likelihood of having a low birthweight baby. Although perceived neighborhood safety and early prenatal care use initiation were unassociated with continuous birthweight and low birthweight among Black mothers, smoking during pregnancy was positively associated with these outcomes. Among White adolescent mothers, none of the factors investigated were significantly associated with continuous birthweight in crude analyses, although low parent education appeared positively associated with White mothers' likelihood of having a low birthweight baby.
Multivariable Analyses: Continuous Birthweight
The relationship between neighborhood demographic characteristics and continuous birthweight after controlling for individual factors is presented in Table 3 . Among nonHispanic Black adolescent mothers, a 10 % increase in neighborhood percent Black was associated with 0.04 kg greater birthweight [b = 0.04, 95 % CI 0.01-0.07 (Model 1)]. Neighborhood disadvantage was no longer significantly associated with birthweight among Black adolescent mothers after controlling for other factors at the individual and neighborhood level. After adding cigarette smoking during pregnancy (Model 2), the association between neighborhood percent Black and birthweight remained largely the same (b = 0.05, 95 % CI 0.01-0.08), suggesting no mediation. However, cigarette smoking during pregnancy (both less than daily and daily) was significantly positively associated with birthweight. Similar to bivariate analyses, no factors at the individual or neighborhood level were significantly associated with birthweight among non-Hispanic White adolescent mothers.
Multivariable Analyses: Low Birthweight
Associations between neighborhood demographic characteristics and low birthweight controlling for individual factors are presented in Table 4 . For Black adolescent mothers, a 10 % increase in the proportion of neighborhood residents who are Black was associated with a 22 % lower likelihood of giving birth to a low birthweight infant (AOR 0.78, 95 % CI 0.61-0.99). For non-Hispanic White adolescent mothers, the only factor that was associated with giving birth to a low birthweight infant was low parent education (AOR 5.68, 95 % CI 1.99, 16.20).
Discussion
Despite growing appreciation for the influence of contexts on health, relatively little is known about contextual contributors to birth outcomes among adolescent mothers. Past research has suggested factors such as neighborhood disadvantage and racial concentration could influence birth outcomes through their effects on prenatal care access, health behaviors affecting pregnancy, and stresses associated with high crime environments [40] . The purpose of this study was to explore how neighborhood disadvantage and racial concentration are related to the birthweight of infants born to adolescent mothers. After controlling for individual and other neighborhood characteristics, Black racial concentration was associated with improved birthweight among non-Hispanic Black adolescent mothers, and also reduced likelihood of an infant born with low birthweight. This is consistent with findings from some past studies that included both adult and adolescent mothers, but contrary to others [29, 30, 41] .
Given a minority of births included in past studies were to adolescent mothers, and age differences in estimated effects of racial concentration were not tested, it is possible that findings from this and prior studies do not conflict because racial concentration could affect adult and adolescent mothers differently. Studies examining neighborhood effects on birth outcomes have used a variety of racial concentration measures (i.e., dissimilarity index, index of isolation, percentage of Black residents), different analytic methods (i.e., single-level vs. multilevel), and have used data from a variety of samples (i.e., from multiple counties vs. a single state vs. national). Given the varying methodology across studies, it is difficult to pinpoint the sources of difference in findings.
There are a variety of reasons why Black racial concentration may be positively related to birthweight among Black adolescent mothers. Black women are more likely to give birth as adolescents than white women, so neighborhoods with a higher proportion of Black residents may have better caregiving and support for some pregnant adolescents [42] . Racial concentration may also reduce adolescent mothers' exposure to racism [43] , which has been linked with adverse birth outcomes [44] . It is also possible racially concentrated neighborhoods enable the development of Black political power, which in turn can affect birth outcomes and infant mortality [45] . Further research on the mechanisms by which racial concentration affects Black adolescent mothers' birth outcomes is warranted.
Neighborhood disadvantage and Black racial concentration were unrelated to birthweight outcomes among nonHispanic White women in both crude and adjusted analyses. These findings suggest that the neighborhood factors we studied were not particularly influential for birthweight of the infants born to White adolescent mothers. It is possible that other aspects of neighborhood social environments, such as social support for adolescent mothers, may be more important in this group. Surprisingly, we found that smoking during pregnancy was significantly positively related to Black adolescent mothers' self-reported birthweight. Such smoking did not appear to mediate the association between neighborhood percent Black and birthweight outcomes. This finding runs counter to extensive literature documenting increased risk of adverse birth outcomes with smoking during pregnancy [35] . We speculate that this unexpected result may be due to the very small number of Black adolescent mothers who reported any smoking during pregnancy (n = 16), which may lead to spurious results. It is possible that smoking during pregnancy is correlated with another unmeasured factor that is positively related to birthweight. Sample selection biases are also possible, since our sample was limited to mothers who experienced a birth as an adolescent. In past analyses with this same cohort, comparing women who gave birth before versus after age 20, we found adolescent mothers were less likely to live with both biologic parents during adolescence and to be married at the time of the birth, but they were more likely to have low parent education (less than high school diploma), an unemployed parent, to smoke during pregnancy, and to have late or no prenatal care [17] . Reporting biases may also have influenced results, since smoking during pregnancy is a highly stigmatized behavior. There also were weaknesses in the way smoking during pregnancy was measured. We don't know, for example, whether smoking was restricted to the first trimester before the mother knew about her pregnancy, or whether smoking heaviness changed during pregnancy. Given all these potential issues with the ascertainment of smoking during pregnancy, results should be interpreted with caution.
Despite the strengths of the study, including the use of a large, national dataset and measurement of exposures prior to health outcomes, results should be interpreted with knowledge of the study limitations. First, we reduced sample size by requiring complete covariate data, which could bias our study results. Analyses comparing included versus excluded adolescents indicated no significant difference in birthweight (P = 0.89), baseline age (P = 0.39), age at pregnancy (P = 0.17), parental education (P = 0.48), or neighborhood disadvantage score (P = 0. 68). However, adolescents who were included evidenced significantly lower BMI compared to those excluded (P \ 0.01). Second, neighborhood exposures were measured on average 3 years before adolescent births, and may not represent the neighborhood experiences of adolescents at the time of the pregnancy or birth if the adolescent moved in the interim. Despite this concern, research indicates that there may be relatively few demographic differences between neighborhoods when an individual moves, which may diminish this concern [46] . Third, the analysis makes use of data from a school-based study, so students who dropped out of school before the first Wave are not included. This could possibly bias our sample toward more advantaged adolescent mothers-those who were able to stay in school. Fourth, this study relies on self-report of birthweight. Although maternal report of these outcomes is generally reliable [47] [48] [49] [50] and these pregnancies had occurred fairly recently, this is a potential source of error. Although maternal age has not been related to accuracy of reporting in past studies [49, 51] , ethnicity and SES have been found to predict errors [52] . We did not include an examination of gestational age because it is ideally assessed with early ultrasound [53] , especially for adolescents, who have more irregular menstrual cycles [54] .
In summary, we found that neighborhood Black racial concentration was significantly associated with improved birthweight and lower likelihood of having an infant born with low birthweight among Black adolescent mothers. Although past studies are suggestive of potential pathways by which racial concentration may affect birth outcomes (i.e., through reduced exposure to racism or greater political power), further studies are needed to test these pathways among Black adolescent mothers. Such studies could inform intervention efforts to improve birth outcomes among Black adolescent mothers, especially those living outside racially concentrated neighborhoods.
